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1. Introduction, Scope and Assumptions

1.1. Purpose of these documents

The purpose of this document suite is to provide a detailed specification of the Industry Foundation Classes
(IFC) as defined by the Industry Alliance for Interoperability (IAl). The intended audience is the 1Al
membership, industry domain experts, and software developers interested in implementing IFC.

1.2. IFC Release Document Suite

IFC will be documented for two readers. The AEC professional and the software profession serving the AEC
industry. Documents in this release include:

An Introduction to IAl and IFC
The "An Introduction to IAl and IFC," as the name
implies, provides AEC/FM industry professionals

with an introduction to the organization, including
its mission and organization. It also introduces the
shared project model concept, end user benefits in
using IFC compliant applications and summarizes
the AEC Industry processes that are supported by
this release of IFC. Finally, it provides a preview of
what will be added in future releases.

IFC Specification Development Guide

The "IFC Specification Development Guide"
defines the process used by the 1Al in developing
IFC. It also provides various references
supporting parts of this process such as
development of process diagrams, development of
detailed requirement definitions and
reading/creating EXPRESS (data model)
definitions and EXPRESS-G diagrams.

IFC Object Model Architecture Guide

The "IFC Object Model Architecture Guide" defines the architecture used in the design of the IFC object
model. This architecture is modular and layered which allows independent development and evolution of
sub-schemata. This document is written for software developers who will develop applications supporting
IFC.

- AEC/FM Pracesses Supported by IFC

‘ Wi - IFC Software Implementation Certification Guide

IFC Specifications Development Guide
‘ W5 - IFC Software Implementation Guide

%3 - IFC Object Maodel Reference

41

‘ IFC Ohject Model Architecture Guide

‘ Imtroduction to |&l and IFC
‘ W2 - IFC Ohbject Model Guide

Volume 1: AEC/FM Processes Supported by IFC

THIS DOCUMENT -- The "AEC/FM Processes Supported by IFC" volume documents the AEC/FM industry
processes that the IFC Project Model in this release is designed to support. Therefore, this document
effectively defines the scope of AEC project information included in this Release. Volumes 2 and 3 structure
this information as software objects in AEC software. Note that this IFC release is limited to the information
content of the foundation classes defined. Behavior for these objects, and thus the implementation of
software that will support these AEC industry processes, will be defined by the implementing software
vendors.

Volume 2: IFC Object Model Guide

The "IFC Object Model Guide" defines model design and use concepts for IFC object model. These key
concepts include: an overview of model architecture, capturing design intent, sharing semantic relationships,
model extension by application developers. It also describes some implementation strategies such as file
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based model exchange, Client-Server architectures and runtime interoperability supported through standard
software interfaces of the IFC model. This includes an overview and example of the physical file format for
file based model exchange.

Volume 3: IFC Object Model Reference

The "IFC Object Model Reference" provides detailed definitions for each of the classes and data types
defined in the IFC object model. This includes all of the information required by the AEC processes defined
in volume 1, structured in an information model detailing object class data, relationships, standard interfaces,
type definitions and geometry schema use for shape representation. Additionally, it provides a data model
view defined in EXPRESS and a standard interfaces view defined in IDL. Each of these code sets will be
used by application developers as input into Computer Aided Software Engineering (CASE) tools to semi-
automate development of applications intended to support IFC. Finally, a on-line version of this information is
provided in an HTML document set that is cross linked for easy access to information related to or supporting
a particular class or data type.

Volume 4: IFC Software Implementation Certification Guide

The "IFC Software implementation Certification Guide" provides detailed information about conformance
certifications issues and the methodology that will be used by the IAI to certify applications for multiple levels
of IFC conformance. This includes an overview of the concepts for conformance assessment and
certification, definition of various "Exchange Set" subsets of the IFC model for which certification can be
assessed and an overview of the testing suites that will be used for certification testing.

Volume 5: IFC Software Implementation Guide

The "IFC Software implementation Guide" provides detailed information addressing the issues of
implementing the IFC object model in software products. In this release, it's content is limited to the topics of
implementing property sets (previously called "Pset Guide") and the differences from the previous release
(previously called "Migration Guide"). Over the next couple of IFC releases, many more topics will be
addressed.

1.3. Scope

1.3.1. Scope for IFC Release 2.0

Enabling interoperability between applications by different software vendors is the ultimate goal of the IAI.
This is a very ambitious goal and will be achieved through a series of incremental steps.

In general, the 1Al is focused on providing three things in IFC:

1. Standard definitions for the attributes associated with entities comprising an AEC/FM project model
(objects)

2. Structure and relationships between these entities from the point of view of various AEC/FM
professionals

3. Standard formats/protocols for two methods of sharing this information:
= exchange via a standard file format
= exchange via standard software interfaces
It is important to note that the software interface specifications in this release will not include any application-

specific behavior. Instead, these interfaces will be limited to get and set methods for the attribute and
relationship information defined in the data model.

Release 1.5 of IFC provided the infrastructure that supports this release, plus reasonable models for
architecture, some HVAC, estimating, scheduling and Facilities Management. This release will build on these
foundations and extend the model in several areas.

The scope for this release of the IFC Specifications is limited to:

Copyright O International Alliance for Interoperability - 1996-1999
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1. Six AEC/FM domains - Architecture, HVAC engineering, codes and standards, cost estimating,
facilities management and simulation

2. Only a specific subset of the processes in these domains (defined in Volume 1 of these
specifications).

These domains and processes are:

Architectural Design
= Building 'shell' design
= Building 'core' design
Stair design
Public toilet design
= Roof design
= Fire Compartmentation

HVAC Engineering
= HVAC Duct System Design
= HVAC Piping System Design
= Pathway Design and Coordination
= Building Heating and Cooling Load Calculation

Codes and Standards
= Commercial and Residential Energy Code Compliance Checking

Cost Estimating
= Cost Estimating
Identify Objects
Identify Tasks Needed to Install Objects
Identify Resources Needed to Perform Tasks

Quantify

Costing and Cost Summarization

Facilities Management

= Property Management
Enabling the use of IFC objects in property management
Grouping IFC objects
Linking the maintenance objects to the IFC objects

= Occupancy Planning

= Design of Workstations

= Floor Layout of Workstations for an Open Office

Simulation
= Photo Accurate Visualization

All AEC domains
= Document references (from model to document only)

Copyright O International Alliance for Interoperability - 1996-1999
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1.3.2. Scope of this document

This document serves as a guide to the IFC Object Model. This guide is intended to provide an
understanding of the key concepts, background research, and principles used in the designing of IFC. Itis
written for two different readers. The first reader is a software developer, to aid his understanding of how
AEC industry concepts have been modeled in IFC. The second reader is an end user, to ais his
understanding of how to use IFC to build effective, useful project models.

This document also provides an explanation of the rationale behind the layered IFC models architecture.
This layered architecture provides a framework for the evolution of the IFC model in future releases while
providing stability for implementers of this release.

This information is presented in 8 sections:
1. Introduction, Scope and Assumptions

Provides the reader with an introduction to the set of five volumes comprising this release of the IFC
Specifications. This section outlines the information included in this document versus related
documents. It will also define the scope for this release and assumptions about knowledge of the
reader.

2. IFC Model Architecture
This section explains the rationale behind the layered IFC model architecture that will allow IFC to
evolve in future releases.

3. IFC Model Overview
This section gives an overview of all the modules in the IFC model and can be used as a quick
reference to find particular entity definitions.

4. Key IFC Model Concepts
This section presents several key concepts used in IFC which will enable much more intelligent AEC
applications and which allow IFC to be extended -- in future releases, by developers and by end
users. It also includes descriptions of and the rationale for using different model views - such as the
EXPRESS data model view and the CORBA Interface Definition Language (IDL) view.

5. Guide to the Resources Layer
This section provides a guide to concepts in the Independent Resources Layer of the IFC Model.

6. Guide to the Core Layer
This section provides a guide to concepts in the Core Layer of the IFC Model.

7. Guide to the Interoperability Layer
This section provides a guide to concepts in the Interoperability Layer of the IFC Model.

8. Guide to the Domain/Application Models Layer
This section provides a guide to concepts in the Domain Extensions Layer of the IFC Model.
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1.4. Assumptions and Abbreviations

This document assumes the reader is reasonably familiar with the following:

- AEC/FM market and project terminology
- Software industry terminology
- Concepts and terminology associated with object oriented software

The following abbreviations are used throughout the IFC Specifications:

- AEC/FM
< 1Al

- AP

- Arch

- CM

- CORBA
- COM
- DCE

- DCOM
- DSOM
- FM

- FTP

- GUID
- HVAC
- HTTP
< 1Al

- IDL

- IFC

- 1SO

- FM

- MIDL
- ODL

- OMG
- ORB

- OSF

- RPC

- SOM
- STEP
- TCP/IP
- TQM
- URL

Architectural, Engineering, Construction and Facilities Management
Industry Alliance for Interoperability

Application Protocol

Architecture

Construction Management

Common Object Request Broker Architecture
Microsoft's Component Object Model
Distributed Computing Environment

Microsoft’s Distributed Component Object Model
IBM’s Distributed System Object Model
Facilities Management

File Transfer Protocol

Globally Unique Identifier

Heating, Ventilating and Air Conditioning
Hypertext Transport Protocol

International Alliance for Interoperability
Interface Definition Language

Industry Foundation Classes

International Standards Organization

Facilities Management

Microsoft’s Interface Definition Language
Microsoft's Object Description Language
Object Management Group

Object Request Broker

Open Software Foundation

Remote Procedure Call

IBM’s System Object Model

Standard for the Exchange of Product Model Data
Transmission Control Protocol/Internet Protocol
Total Quality Management

Universal Resource Location
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1.5. International Alliance for Interoperability (1Al)

The IAl is a ‘not for profit’ industry alliance of companies. Its membership is comprised of visionary
companies representing all sectors of the AEC industry worldwide.

The IAl was first formed in September of 1995, by 12 industry leading companies who, during the previous
year had worked together to develop proof of concept prototypes demonstrating the viability of interoperability
between AEC software applications. This demonstration was shown publicly at the AEC Systems '95
conference in Atlanta, Georgia. This is the third release of IFC since that time. There are currently 50
organizations implementing software to support IFC, a number that is growing quite rapidly now.

As of this printing, the IAl includes 9 international chapters with hundreds of member companies in the
following regions:

- Australasian countries

- French speaking region of Europe

- German speaking region of Europe

- Japan

- Korea

- Nordic countries of Europe

- North America

- Singapore

- United Kingdom

The IAl stated Vision, Mission and Values can be summarized as:

VISION
Enabling Interoperability in the A/E/C/FM Industry

MISSION

To define, promote and publish specifications for the Industry Foundation Classes (IFC) as a basis
for information sharing through the project life cycle, globally, across disciplines and technical
applications.

VALUES

- Not for profit industry organization

- Action oriented (Alliance v. Association)

- Consensus based decision making

- Incremental delivery (rather than prolonged study)

- Global solution

- Industry to define IFC

- IFC to be “open” (for implementation/use by all software vendors)

- Design for IFC to be extensible

- IFC will evolve over time

- Membership open to any company working in construction industry

Copyright O International Alliance for Interoperability - 1996-1999
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2. Object Model Architecture

This subsection describes a series of concepts used in the development of the IFC Object Model. It is
important to read this section before attempting to understand the model structure and content. Most
elements of the model are driven from one or more of these concepts.

2.1. IFC Model Architecture Principles

The IFC Object Model Architecture has been developed using a set of principles governing it's organization
and structure. These principles focus on basic requirements and can be summarized as:

- provide a modular structure to the model.

- provide a framework for sharing information between different disciplines within the AEC/FM industry.
- ease the continued maintenance and development of the model.

- enable information modelers to reuse model components

- enable software authors to reuse software components

- facilitate the provision of better upward compatibility between model releases

The IFC Object Model architecture provides a modular structure for the development of model components,
the 'model schemas'. There are four conceptual layers within the architecture, which use a strict referencing
hierarchy. Within each conceptual layer a set of model schemas is defined.

The first conceptual layer (shown at the bottom in Figure 1) provides Resource classes used by classes in the
higher levels. The second conceptual layer provides a Core project model. This Core contains the Kernel
and several Core Extensions. The third conceptual layer provides a set of modules defining concepts or
objects common across multiple application types or AEC industry domains. This is the Interoperability layer.
Finally, the fourth and highest layer in the IFC Object Model is the Domain/Applications Layer. It provides set
of modules tailored for specific AEC industry domain or application type. Additionally, this layer contains
specialized model 'adapters' to non-IFC domain/application models.

The architecture operates on a 'ladder principle'. At any layer, a class may reference a class at the same or
lower layer but may not reference a class from a higher layer. References within the same layer must be
designed very carefully in order to maintain modularity in the model design.

Inter-domain references at the Domain Models layer must be resolved through ‘common concepts' defined in
the Interoperability layer. If possible, references between modules at the Resource layer should be avoided
in order to support the goal that each resource module is self-contained. However, there are some low level,
general purpose resources, such as measurement and identification that are referenced by many other
resources.

Ladder principle expanded:
1. Resource classes may only reference or use other Resources.

2. Core classes may reference other Core classes (subject to the limitations listed in 3) and may
reference classes within the Resource layer without limitations. Core classes may not reference or use
classes within the Interoperability or Domain/Applications layer.

3. Within the Core layer the 'ladder principle’ also applies. Therefore, Kernel classes can be referenced or
used by classes in the Core Extensions but the reverse is not allowed. Kernel classes my not
reference Core Extension classes.

4. Interoperability layer classes can reference classes in the Core or Resource layers, but not in the
Domain/Applications layer.

5. Domain/Applications layer classes may reference any class in the Interoperability, Core and Resource
layers. Additionally, classes defined within custom Interoperability Adapters (interfaces to domain or
application models developed by others) may reference classes within the Interoperability layer.
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Figure 1 Layering Concept of IFC architecture
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2.2. Model Modules defined in each Layer

As we saw in the last section, the IFC Model Architecture for Release 2.0 consists of the following four
layers. The model modules defined in each of these layers will be introduced in this section. IFC Release 2.0
includes 24 such model modules as outlined in the diagram below.

Qo
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< ®©
: Construction Facilities =~
Architecture Hvac c
A Management Management q —
Domain b b Domain G =2
Domain Domain e )
©
9 o
s
>
=
L I [ e
S5
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Figure 2 Model Modules defined in each layer
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2.3. Resource Layer

Resources form the lowest layer in IFC Model Architecture and can be used or referenced by
classes in the other layers. Resources can be characterized as general purpose or low level
concepts or objects which do not rely on any other classes in the model for their existence.
There are a few exceptions to this characterization. Classes from the Utility and Measure
Resources are used by other, higher level resource classes.

Actor

Resource

All Resources represent individual business concepts. For instance, all information concerning the concept of
cost is collected together within the cost schema, the IfcCostResource. Any classes within the Core,
Interoperability or Domain/Application layers which need to use cost will reference this resource.

Similarly, all ideas concerning geometry are collected together within the IfcGeometryResource.
Fundamental geometric entity definitions are defined in this resource. More specialized attribute driven
geometry constructs are also defined here. Geometry will be referenced by classes defined within the Core
and higher levels through the representation resource, also provided at the resource layer. However some
details within the IfcGeometryResource are hidden from classes in these higher layers. There is no
implication of choice for one of these representations coming from the resource layer, it simply provides the
definition. A Core model object may utilize several geometry entities for representation.

2.3.1. Resource schemas for R1.5

The following resource schemas were included in IFC R1.5:
- IfcUtilityResource (object identification, object history, general purpose tables)
- IfcMeasureResource (units of measure, standard measurement types, custom measurement types)

- IfcGeometryResource (attribute driven geometric representation items, explicit geometric
representation items, topological representation items, geometric models)

- IfcPropertyTypeResource (fundamental property types, property type definitions, property sets, shape
representation)

- IfcPropertyResource (extended property types: material, cost, actor, classification, time)

2.3.2. Resource schemas for R2.0
In IFC Release 2.0, many of these resources were re-organized or move to separate schemas. The
complete list of resources included in this release are:
- IfcActorResource (was part of IfcPropertyResource in R1.5)
- IfcClassificationResource (was part of IfcPropertyResource in R1.5)
- IfcCostResource (was part of IfcPropertyResource in R1.5)
- IfcDateAndTimeResource (was part of IfcPropertyResource in R1.5)
- IfcGeometricModelResource (was part of IfcGeometryResource in R1.5)
- IfcGeometryResource (largely the same as in R1.5)
- IfcMaterialResource (was part of IfcPropertyResource in R1.5)
- IfcMeasureResource (largely the same as in R1.5)
- IfcPropertyResource (was IFcPropertyTypeResource in R1.5
- IfcRepresentationResource (was part of IfcPropertyResource in R1.5)
- IfcTopologyResource (was part of IfcGeometryResource in R1.5)
- IfcUtilityResource (extended from R1.5)

2.4. Core Layer

The Core forms the next layer in IFC Model Architecture. Classes defined here can be referenced and
specialized by all classes in the Interoperability and Domain/ Application layers. The Core layer provides the
basic structure of the IFC object model and defines most abstract concepts that will be specialized by higher
layers of the IFC object model.
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The Core includes two levels of abstraction:
1. The Kernel
2. Core Extensions

Goals for Core Model Design:

- definition of the common superset of those concepts that later can be refined and used by various
interoperability and domain models

- pre-harmonization of domain models by providing this common superset
- stable definition of the object model foundation to support upgrade compatible IFC Releases

2.4.1. Kernel

The Kernel provides all the basic concepts required for IFC models within
the scope of the current IFC Release. The Kernel also determines the model
structure and decomposition. Concepts defined in the kernel are,
necessarily, abstracted to a high level. The kernel also includes fundamental
concepts concerning the provision of objects, relationships, type definitions,
attributes and roles. The Kernel can be envisioned as a kind of Meta Model
that provides the platform for all model extensions. The constructs that form
the Kernel are very generic and are not AEC/FM specific, although they will only be used for AEC/FM
purposes due to the specialization by Core Extensions. The Kernel constructs will be included as a
mandatory part of all IFC implementations.

The Kernel is the foundation of the Core Model. Kernel classes may reference classes in the Resource layer
but may not reference those in the other parts of the Core or in higher level model layers. The use of
Resources will be facilitated by well defined interfaces within resource schemata. Thus, the design detail for
any particular resource will be hidden from referencing classes within the Kernel.

2.4.2. Core Extensions

Core Extensions, as the name implies, provide extension or specialization of
concepts defined in the Kernel. Core Extensions are therefore, the first refinement
layer for abstract Kernel constructs. More specifically, they extend Kernel
constructs for use within the AEC/FM industry. Each Core Extension is a
specialization of classes defined in the Kernel. Figure 3 shows the further
specialization of classes rooted in the IfcKernel.

Beyond this class specialization, primary relationships and roles are also defined
within the Core Extensions.

Core E— —»  Kernel IfcObject
Extension
| 1 !>
1 1
1 IfcProductExtension :C IfcProduct
LI ' ®)
| 1
1 . 1
! IfcProcessExtension |C IfcProcess
1
1 1
O
L 1
1
! IfcModelingAidExtension :C IfcModelingAid
1
(N '
O
L 1

1
! IfcDocumentExtension :C IfcDocument
1
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Figure 3 Core Extensions from Kernel Classes

A class defined within a Core Extension may be used or referenced by classes defined in the Inteoperability
or Domain/Applications layers, but not by a class within the Kernel or in the Resource layer. References
between Core Extensions have to be defined very carefully in a way that allows the selection of a singular
Core Extension without destroying data integrity by invalid external references.

2.4.3. Core schemas extended from R1.5

The following schemas are included in the IFC R1.5 Core layer and extended in R2.0:
- IfcKernel
- IfcProductExtension
- IfcProcessExtension
- IfcModelingAidExtension
- IfcDocumentExtension

2.4.4. Core schemas for R2.0

Within the IFC Release 2.0 project scope the following core schemas are included.
- IfcConstraintExtension
- IfcProjectMgmtExtension

2.5. Interoperability Layer

The main goal in the design of Interoperability Layer is the provision of modules
o defining concepts or objects common to two or more domain/ application models.
Shared Building

The commonly used, ‘common concept’' modules enable interoperability between
Elements . . L . . .
different domain or application models. Introduction of this model layer is the best
example of a general purpose model design guideline, that the model should
incorporate a 'Plug-In' architecture -- allowing multiple domain or application models to be 'Plugged into' the
common IFC Core. Such a 'Plug-In' architecture will also support outsourcing the development of
domain/application models.

2.5.1. Interoperability schemas extended from R1.5

The following schemas were included in the IFC R1.5 Interoperability layer and extended in R2.0:
- IfcSharedBldgElements (all fundamental building elements shared between domains)
- IfcSharedBldgServiceElements ( all fundamental building service elements shared between domains)

2.5.2. Interoperability schemas for R2.0

The following schemas were added to the Interoperability layer in R2.0:
- IfcSharedSpatialElements

2.5.3. Adapter Definitions

Although not yet used in the current IFC Release the concept of an 'adapter’ is foreseen to access various
domain models, including disperse models (i.e. those defined outside the International Alliance for
Interoperability). The main requirements for Adapters are the facilitation of:
1. Direct Plug-In of IFC developed Domain Models, that is a direct reference and use of Core definitions
by the appropriate Domain Models through the provision of interoperable class definitions at the
Interoperability layer. This is currently the only applied technique.
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2. Plug-In of externally developed, non harmonized, Domain Models via an Adapter that provides a
mapping mechanism down to Core and Interoperability definitions. The definition of the Adapter Plug is
in the responsibility of the Domain Model developer and is part of the Domain Model Layer.

3. Establish an inter-domain exchange mechanism above the Core to enable interoperability across
domains. This includes a container mechanism to package information. Therefore an Adapter is used
where the definition of the Adapter is the responsibility of all Domain Models sharing this Adapter Plug.

The Adapters are based on Core Extension definitions and enhance those Core Extension definitions. Those
enhancements provide common concepts for all Domain Models that might further refine these concepts. As
an example, the Building Element Socket provides the definition of a common wall, whereas the Architectural
Domain Model will enhance this common wall with its private subtypes and type definitions within Release 3.0
time frame. An Adapter Socket that is used by several Domain Models therefore provides a medium level of
interoperability through shared Adapter Socket definitions.

IFC Domain extensions that tightly couple with the Core Model such as those defined within the IFC Model
(i.e., HVAC and Architecture) do not require an additional mapping of Domain Model definitions down to Core
definitions, therefore they do not need specific Adapter.

Non-IFC harmonized models can be connected to the IFC Core Model through a mapping defined by a
specific Adapter. This methods needs to be further elaborated within the Release 3.0 time frame. For specific
high-level inter-domain exchange, that cannot be satisfied by common definitions in the Core, the Adapter
may provide a specific inter-domain mapping. This Adapter type has to be developed within Release 3.0 time
frame as well.

2.6. Domain/Applications Layer

Domain/Applications Models provide further model detail within the scope requirements
for an AEC/FM domain process or a type of application. Each is a separate model which
may use or reference any class defined in the Core and Independent Resource layers.
Examples of Domain Models are Architecture, HVAC, FM, Structural Engineering etc. A
main purpose of Domain Models is the provision of specialized type definitions that are
tailored for the use within this domain.

Architecture

Part of the Domain Model definition is the definition of the Adapter Plugs if needed. Fully harmonized IFC
Domain Models will be directly plugged in the Core definitions. Domain Models which are non fully
harmonized have to provide appropriate Adapter Plug definitions in order to be enabled to use the IFC model
framework. The Adapter Sockets provide the guidelines to develop those Plugs. If inter-domain
interoperability has to be achieved that extends the common shared Core definitions, those Domain Model
developments have to be combined in order to provide an interoperable Plug.

2.6.1. Domain/Application Models extended from R1.5

The following Domain Models were included in IFC R1.5 and extended in R2.0:
- IfcArchitecture
- IfcFacilitiesMgmt

2.6.2. Domain/Application Models Added in R2.0

The following Domain Models have been added in IFC R2.0:
- IfcCostEstimatingDomain
- IfcHVACDomain
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3. Object Model Overview

This section will provide a high level overview of the Object Model. It summarizes the following model
modules as structured in the Model Architecture section above.

Resources layer

1. IfcActorResource
IfcClassificationResource
IfcCostResource
IfcDateAndTimeResource
IfcDocumentResource
IfcGeometryResource
IfcMaterialResource
IfcMeasureResource
IfcPropertyResource
IfcRepresentationResource
11. IfcUtilityResource

© NGO WDN

=
©

Core Layer

12. IfcKernel

13. IfcConstraintExtension
14. IfcModelingAidExtension
15. IfcProductExtension

16. IfcProcessExtension
17. IfcProjectMgmtExtension

Interoperability Layer

18. IfcSharedBldgElements

19. IfcSharedBldgServiceElements
20. IfcSharedSpatialElements

Domain Extensions Layer
21. IfcArchitecture

22. IfcConstructionMgmt
23. IfcFacilitiesMgmt

24. IfcHVAC
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3.1. Model Scope

Although we have focused the scope of Release 2.0 to support business processes in a selected set of AEC
market domains, a large number of object types are included in the Object Model. Many of these provide the
underlying structure that will support an increasing scope of AEC industry processes in future releases. In

this release, we have the following entity counts:

Object Model Classes

Domain/Application model classes
Architecture
Construction Management
Facilities Management
HVAC

Interoperability Layer classes
Building Elements
Building ServiceElements
Spatial Elements

Core layer classes
Kernel
Controls
Modeling Aids
Products
Processes
Project Management

Resource layer classes

Actor, Classification, Cost, Document,
Materials, Properties

Measure, Date & Time
Geometry, Representation
Utilities
Dynamic Model elements
Predefined types
PropertySets

Defined Types
Enumerations
Defined data types
Select types

13

11

18
17

25
12
13
24

10

28

13
71

39

40

93

118

30
184

87
54
16

290

It is important to first understand the underlying structure of the model before looking at the individual

elements.
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3.1.1. IFC Object Model Hierarchy

This section provides a object class inheritence overview of the complete IFC model. It also lists the schema
in which each class is defined. Detailed specifications are available for each class in the IFC Object Model
Reference. These specifications include semantic definitions (for the class, attributes and relationships),
software interfaces, inheritence information, type definitions, and geometry use definitions (for shape
representations). Classes can be located alphabetically within the schema listed below.

Schema
IfcActorResource
IfcActorResource
IfcUtilityResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcUtilityResource
IfcDateTimeResource
IfcClassificationResource
IfcClassificationResource
IfcClassificationResource
IfcDateTimeResource
IfcCostResource
IfcCostResource
IfcDateTimeResource
IfcMeasureResource
IfcMeasureResource
IfcMeasureResource
IfcDocumentResource
IfcDocumentResource
IfcPropertyResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource
IfcGeometryResource

©O© oo ~NO O~ WN PP

AA D WOWWWWWWWWWNDNNDNDNDNNDNNNRERERRPRERRERRERRPRPRR
NP OOOWLNOOOOWNEREROOOWONOOGMAWNREOOOWOLNOOOGMAWNDNLPRELO

Inheritence level
1 2 3 45 6 7 8 910
IfcActorRole
IfcAddress
IfcApplication
IfcAttDrivenProfileDef
IfcArbitraryProfileDef
IfcCircleProfileDef
IfcRectangleProfileDef
IfcTrapeziumProfileDef
IfcAuditTrail
IfcCalendarDate
IfcClassification
IfcClassificationList
IfcClassificationNotation
IfcCoordinatedUniversalTimeOffset
IfcCost
IfcCostModifier
IfcDateAndTime
IfcDerivedUnit
IfcDerivedUnitElement
IfcDimensionalExponents
IfcDocumentReference
IfcDocumentType
IfcEnumeration
IfcGeometricRepresentationltem
IfcBooleanResult
IfcBoundingBox
IfcCompositeCurveSegment
IfcCurve
IfcBoundedCurve
IfcCompositeCurve
Ifc2DCompositeCurve
IfcPolyline
IfcTrimmedCurve
IfcConic
IfcCircle
IfcEllipse
IfcLine
IfcDirection
IfcHalfSpaceSolid
IfcBoxedHalfSpace
IfcPlacement
IfcAxis1Placement
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Inheritence level
Schema 1 2 3 45 6 7 8 910

43 IfcGeometryResource IfcAxis2Placement2D

44 IfcGeometryResource IfcAxis2Placement3D

45 IfcGeometryResource IfcPoint

46 IfcGeometryResource IfcCartesianPoint

47 IfcGeometryResource IfcPolyLoop

48 IfcGeometryResource IfcSolidModel

49 IfcGeometryResource IfcAttDrivenExtrudedSolid

50 [IfcGeometryResource IfcAttDrivenClippedExtrudedSolid

51 IfcGeometryResource IfcAttDrivenRevolvedSolid

52 [IfcGeometryResource IfcAttDrivenClippedRevolvedSolid

53 IfcGeometryResource IfcCsgSolid

54 IfcGeometryResource IfcManifoldSolidBrep

55 IfcGeometryResource IfcFacetedBrep

56 IfcGeometryResource IfcFacetedBrepWithVoids

57 [IfcGeometryResource IfcSweptAreaSolid

58 IfcGeometryResource IfcExtrudedAreaSolid

59 IfcGeometryResource IfcAttDrivenExtrudedSegment

60 IfcGeometryResource IfcAttDrivenMorphedExtrudedSegment

61 IfcGeometryResource IfcAttDrivenTaperedExtrudedSegment

62 [IfcGeometryResource IfcRevolvedAreaSolid

63 IfcGeometryResource IfcAttDrivenRevolvedSegment

64 IfcGeometryResource IfcAttDrivenMorphedRevolvedSegment

65 IfcGeometryResource IfcAttDrivenTaperedRevolvedSegment

66 IfcGeometryResource IfcSurface

67 [IfcGeometryResource IfcCurveBoundedPlane

68 IfcGeometryResource IfcElementarySurface

69 IfcGeometryResource IfcPlane

70 [IfcGeometryResource IfcVector

71 |IfcPropertyResource IfcLibrary

72 IfcDateTimeResource IfcLocalTime

73 |IfcMaterialResource IfcMaterial

74 IfcMaterialResource IfcMaterialFinish

75 |IfcMaterialResource IfcMaterialLayer

76 |IfcMaterialResource IfcMaterialLayerSet

77 |IfcMaterialResource IfcMaterialLayerSetUsage

78 IfcMaterialResource IfcMaterialList

79 IfcMeasureResource IfcMeasureWithUnit

80 IfcMeasureResource IfcNamedUnit

81 [IfcMeasureResource IfcContextDependentUnit

82 [IfcMeasureResource IfcConversionBasedUnit

83 IfcMeasureResource IfcSiUnit

84 IfcClassificationResource IfcNotationFacet

85 |IfcActorResource IfcOrganization

86 |IfcUtilityResource IfcOwnerHistory

87 |IfcActorResource IfcPerson

88 |IfcActorResource IfcPersonAndOrganization

89 |IfcRepresentationResource IfcProductRepresentation

90 IfcRepresentationResource IfcProductDefinitionShape

91 IfcRepresentationResource IfcProductDefinitionTopology

92 |IfcPropertyResource IfcProperty

93 |IfcPropertyResource IfcEnumeratedProperty

94 |IfcPropertyResource IfcLibraryReference
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Schema
95 |IfcPropertyResource
96 |IfcPropertyResource
97 |IfcPropertyResource
98 |IfcPropertyResource
99 |IfcRepresentationResource
100 IfcRepresentationResource
101 IfcRepresentationResource
102 IfcRepresentationResource
103 IfcRepresentationResource
104 IfcKernel
105 IfcKernel
106 IfcModelingAidExtension
107 IfcModelingAidExtension
108 IfcModelingAidExtension
109 IfcModelingAidExtension
110 IfcModelingAidExtension
111 IfcKernel
112 IfcModelingAidExtension
113 IfcModelingAidExtension
114 IfcModelingAidExtension
115 IfcModelingAidExtension
116 IfcModelingAidExtension
117 IfcModelingAidExtension
118 IfcModelingAidExtension
119 IfcModelingAidExtension
120 IfcKernel
121 IfcKernel
122 IfcSharedSpatialElements

123 IfcKernel

124 |fcControlExtension

125 IfcConstructionMgmtDomain
126 |IfcProductExtension

127 IfcProductExtension

128 IfcProductExtension

129 IfcControlExtension

130 IfcControlExtension

131 IfcControlExtension

132 IfcControlExtension

133 IfcProjectMgmtExtension
134 IfcProjectMgmtExtension
135 IfcProjectMgmtExtension
136 IfcSharedBldgServiceElements

Inheritence level
1 2 3 45 6 7 8 910
IfcObjectReference
IfcPropertyList
IfcSimpleProperty
IfcSimplePropertyWithUnit
IfcRepresentation
IfcShapeRepresentation
IfcTopologyRepresentation
IfcRepresentationContext
IfcGeometricRepresentationContext
IfcRoot
IfcModelingAid
IfcDesignGrid
IfcGridAxis
IfcGridIntersection
IfcGridLevel
IfcLightSource
IfcLocalPlacement
IfcConstrainedPlacement
IfcPhotometricOutputSpace
IfcPlacementConstraint
IfcConstraintRellntersection
IfcReferenceGeometryAid
IfcReferenceCurve
IfcReferencePoint
IfcReferenceSurface
IfcObject
IfcActor
IfcOccupant
Owner
Lessee
Tenant
Assignee
UserDefined
NotDefined
IfcControl
IfcApproval
IfcCMDocPackage
IfcConnectionGeometry
IfcLineConnectionGeometry
IfcPointConnectionGeometry
IfcConstraint
IfcMetric
IfcMetricBenchmark
IfcObjective
IfcCostElement
IfcCostSchedule
IfcBudget
IfcDistributionPortGeometry
RoundDuctPort
RectangularDuctPort
OvalDuctPort
RoundPipePort
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Schema

137 IfcFacilitiesMgmtDomain
138 IfcControlExtension

139 IfcControlExtension

140 IfcFacilitiesMgmtDomain
141 IfcFacilitiesMgmtDomain
142 IfcProjectMgmtExtension
143 IfcProjectMgmtExtension
144 |fcProjectMgmtExtension
145 IfcProjectMgmtExtension
146 IfcProcessExtension

147 IfcArchitectureDomain

148 IfcProcessExtension
149 IfcProcessExtension
150 IfcProcessExtension
151 IfcKernel

152 IfcFacilitiesMgmtDomain

153 IfcArchitectureDomain
154 |fcProductExtension

155 IfcProductExtension

156 IfcKernel

157 IfcFacilitiesMgmtDomain
158 IfcProcessExtension
159 IfcKernel

160 IfcProductExtension

161 IfcProductExtension

162 IfcConstructionMgmtDomain
163 IfcProductExtension

164 IfcProductExtension

165 IfcSharedBldgElements
166 IfcSharedBldgElements
167 IfcArchitectureDomain

168 IfcArchitectureDomain

Inheritence level
1 2 3 4 5 6 7 8 910

UserDefined
NotDefined
IfcFurnitureModel
IfcMaintenanceRecord
IfcMaintenanceType
IfcOccupancySchedule
IfcOccupancyScheduleElement
IfcProjectOrder
IfcChangeOrder
IfcPurchaseOrder
IfcWorkOrder
IfcScheduleTimeControl
IfcSpaceProgram
CirculationSpaceProgram
OccupiedSpaceProgram
OccupiedSpaceProgramStandard
TechnicalSpaceProgram
UserDefined
NotDefined
IfcWorkPlan
IfcWorkSchedule
IfcWorkScheduleElement
IfcGroup
Ifcinventory
Assetlnventory
Spacelnventory
UserDefined
NotDefined
IfcSpaceProgramGroup
IfcSystem
IfcZone
IfcProcess
IfcOccupancyTask
IfcWorkTask
IfcProduct
IfcBuilding
IfcBuildingStorey
IfcConstructionZoneAggregationProduct
IfcElement
IfcBuildingElement
IfcBeam
IfcBuiltin
IfcBuiltinAccessory
DoorOrWindowHardware
PublicRestroom
Unspecified
UserDefined
NotDefined
IfcCabinet
Office
Restroom
Storage
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Schema

169 IfcArchitectureDomain

170 IfcSharedBldgElements
171 IfcSharedBldgElements

172 IfcSharedBldgElements
173 IfcSharedBldgServiceElements

174 IfcSharedBldgServiceElements
175 IfcSharedBldgServiceElements
176 IfcHvacDomain

177 |IfcHvacDomain

178 |IfcHvacDomain

179 IfcSharedBldgServiceElements
180 IfcSharedBldgServiceElements

181 IfcSharedBldgServiceElements
182 IfcSharedBldgServiceElements
183 IfcHvacDomain
184 |fcHvacDomain

Inheritence level
1 2 3 45 6 7 8 910
Unspecified
UserDefined
NotDefined
IfcCounterOrShelf
CounterTop
Shelf
UserDefined
NotDefined
IfcColumn
IfcCovering
Ceiling
Flooring
Cladding
CoveringMillwork
UserDefined
NotDefined
IfcCurtainwall
IfcDiscreteElement
Insulation
UserDefined
NotDefined
IfcDistributionElement
IfcDistributionControlElement
IfcActuator
ElectricActuator
PneumaticActuator
HydraulicActuator
HandOperatedActuator
UserDefined
NotDefined
IfcController
HvacController
UserDefined
NotDefined
IfcSensor
HvacSensor
UserDefined
NotDefined
IfcDistributionFlowElement
IfcElectricalFixture
LightFixture
PowerQOutlet
RadiantHeater
UserDefined
NotDefined
IfcLightFixture
IfcFlowController
IfcAirTerminalBox
IfcDamper
FireDamper
SmokeDamper
FireSmokeDamper
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185 IfcHvacDomain
186 IfcSharedBldgServiceElements

187 IfcSharedBldgServiceElements

188 IfcSharedBldgServiceElements

189 IfcSharedBldgServiceElements

190 IfcSharedBldgServiceElements

191 IfcSharedBldgElements

Inheritence level
1 2 3 4 5 6 7 8 910

BackdraftDamper
ControlDamper
Louver
UserDefined
NotDefined
IfcValve
IfcFlowEquipment
AirFilter
AirHandler
Boiler
Chiller
Coil
Compressor
Convector
CoolingTower
Fan
HeatExchanger
Motor
PackagedACUnit
Pump
TubeBundle
UnitHeater
Elevator
Escalator
UserDefined
NotDefined
IfcFlowFitting
DuctFitting
PipeFitting
UserDefined
NotDefined
IfcFlowSegment
DuctSegment
PipeSegment
GutterSegment
UserDefined
NotDefined
IfcFlowTerminal
AirTerminal
RoofDrain
Scupper
UserDefined
NotDefined
IfcPlumbingFixture
Faucet
Sink
Toilet
Urinal
Shower
UserDefined
NotDefined
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Schema
192 |fcSharedBldgElements
193 IfcSharedBldgElements

194 IfcSharedBldgServiceElements

195 IfcSharedBldgServiceElements

196 IfcFacilitiesMgmtDomain

197 IfcSharedBldgElements

198 |fcArchitectureDomain

199 IfcArchitectureDomain

200 IfcArchitectureDomain
201 IfcSharedBldgElements
202 IfcSharedBldgElements

Inheritence level
1 2 3 4 5 6 7 8 910

IfcDoorLining
IfcDoorPanel
Swinging
Sliding
Revolving
Rollingup
UserDefined
NotDefined
IfcElectricalAppliance
Computer
Copier
Facsimile
Printer
Telephone
UserDefined
NotDefined
IfcEquipment
WindowCleaning
UserDefined
NotDefined
IfcFurniture
Table
Chair
Desk
FileCabinet
UserDefined
NotDefined
IfcPermeableCovering
Grill
Louver
Screen
UserDefined
NotDefined
IfcRailing
Handrail
Guardrail
Balustrade
UserDefined
NotDefined
IfcRamp
Elemented
Layered
Solid
UserDefined
NotDefined
IfcRampFlight
IfcRoof
IfcSlab
Floor
Roof
UserDefined
NotDefined
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Schema
203 [fcArchitectureDomain
204 [fcArchitectureDomain

205 [fcArchitectureDomain
206 IfcFacilitiesMgmtDomain

207 IfcArchitectureDomain

208 IfcSharedBldgElements
209 IfcSharedBldgElements
210 IfcSharedBldgElements
211 IfcSharedBldgElements

212 IfcProductExtension

213 IfcProductExtension

214 IfcProductExtension

215 IfcProductExtension

216 IfcSharedSpatialElements
217 IfcFacilitiesMgmtDomain
218 IfcProductExtension

219 IfcKernel

220 IfcKernel

221 IfcKernel

222 IfcConstructionMgmtDomain
223 IfcConstructionMgmtDomain
224 IfcConstructionMgmtDomain
225 IfcConstructionMgmtDomain
226 IfcConstructionMgmtDomain
227 IfcConstructionMgmtDomain
228 IfcKernel

229 [fcProductExtension

230 IfcProductExtension

Inheritence level
1 2 3 4 5 6 7 8 910

IfcLanding
IfcStair
FireStair
OrnamentalStair
StandardAccessStair
UserDefined
NotDefined
IfcStairFlight
IfcSystemFurnitureElement
Panel
Worksurface
Storage
UserDefined
NotDefined
IfcVisualScreen
VisualScreenAssembly
VisualScreenDoorOrGate
VisualScreenPost
VisualScreenPanel
VisualScreenRestroomPartition
VisualScreenRestroomPartitionDoor
UserDefined
NotDefined
Ifcwall
IfcWindow
IfcWindowLining
IfcWindowPanel
FixedPanel
Sliding
Swinging
Pivoting
UserDefined
NotDefined
IfcOpeningElement
IfcSite
IfcSpatialElement
IfcSpace
IfcFireCompartment
IfcWorkstation
IfcSpaceBoundary
IfcProject
IfcProxy
IfcResource
IfcConstructionEquipmentResource
IfcConstructionMaterialResource
IfcCrewResource
IfcLaborResource
IfcProductResource
IfcSubcontractResource

IfcPropertyDefinition

IfcElectricalCharacteristics
IfcManufacturelnformation
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Schema
231 IfcControlExtension
232 IfcSharedSpatialElements
233 IfcKernel
234 IfcKernel
235 IfcSharedSpatialElements
236 IfcKernel
237 IfcKernel
238 IfcSharedSpatialElements
239 IfcArchitectureDomain
240 [fcControlExtension
241 IfcConstructionMgmtDomain
242 [fcProductExtension
243 IfcProductExtension
244 [fcKernel
245 [fcKernel
246 IfcSharedBldgServiceElements
247 IfcSharedBldgElements
248 [fcProductExtension
249 IfcProductExtension
250 IfcSharedBldgElements
251 IfcSharedBldgServiceElements
252 [fcKernel
253 IfcKernel
254 [fcControlExtension
255 [fcControlExtension
256 IfcProjectMgmtExtension
257 IfcControlExtension
258 IfcSharedBldgElements
259 IfcProductExtension
260 IfcKernel
261 IfcKernel
262 IfcProjectMgmtExtension
263 IfcProjectMgmtExtension
264 IfcFacilitiesMgmtDomain
265 IfcFacilitiesMgmtDomain
266 IfcProcessExtension
267 IfcProcessExtension
268 IfcProcessExtension
269 IfcKernel
270 IfcProductExtension
271 IfcKernel
272 IfcProductExtension
273 IfcProcessExtension
274 [fcProductExtension
275 IfcFacilitiesMgmtDomain
276 IfcRepresentationResource
277 IfcUtilityResource
278 IfcUtilityResource
279 IfcGeometryResource
280 IfcGeometryResource
281 IfcGeometryResource
282 IfcGeometryResource

Inheritence level
1 2 3 45 6 7 8 910
IfcMetricValue
IfcOccupancyNumber
IfcPropertySet
IfcExtensionPropertySet
IfcSpaceUseCase
IfcRelationship
IfcRelActsUpon
IfcRelOccupiesSpaces
IfcRelAdjacencyReq
IfcRelAggregatesConstraints
IfcRelAggregatesCrewResources
IfcRelAssemblesElements
IfcRelAssemblesSpaces
IfcRelAssignsProperties
IfcRelAssignsTypedProperties
IfcRelAttachesElements
IfcRelAttachesToBoundaries
IfcRelConnectsElements
IfcRelConnectsPathElements
IfcRelJoinsElements
IfcRelConnectsPorts
IfcRelContains
IfcRelControls
IfcRelAssignsApprovals
IfcRelControlsMaintenance
IfcRelCostsObjects
IfcRelRelatesConstraints
IfcRelCoversBldgElements
IfcRelFillsElement
IfcRelGroups
IfcRelNests
IfcRelNestsCostElements
IfcRelNestsCostSchedules
IfcRelNestsOccupancyScheduleElements
IfcRelNestsOccupancySchedules
IfcRelNestsProcesses
IfcRelNestsWorkScheduleElements
IfcRelNestsWorkSchedules
IfcRelProcessOperatesOn
IfcRelSeparatesSpaces
IfcRelSequence
IfcRelServicesBuildings
IfcRelUsesResource
IfcRelVoidsElement
IfcRelWorklnteraction
IfcShapeAspect
IfcTable
IfcTableRow
IfcTopologicalRepresentationltem
IfcConnectedFaceSet
IfcClosedShell
IfcEdge
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283 IfcGeometryResource
284 IfcGeometryResource
285 IfcGeometryResource
286 IfcGeometryResource
287 IfcGeometryResource
288 IfcGeometryResource
289 IfcUtilityResource

290 IfcMeasureResource

3.2. Resource Layer

3.2.1. IfcActorResource

Schema
1 IfcActorResource
2 IfcActorResource
85 IfcActorResource
87 \IfcActorResource
88 IfcActorResource

Inheritence level
1 2 3 4 5 6 7 8 910
IfcOrientedEdge
IfcFace
IfcFaceBound
IfcFaceOuterBound
IfcPath
IfcVertex
IfcTransaction
IfcUnitAssignment

1 2 3 45 6 7 8 910
IfcActorRole

IfcAddress

IfcOrganization

IfcPerson
IfcPersonAndOrganization

3.2.2. IfcClassificationResource

Schema
11 |IfcClassificationResource
12 IfcClassificationResource
13 |IfcClassificationResource
84 |fcClassificationResource

3.2.3. IfcCostResource

Schema
15 [fcCostResource
16 IfcCostResource

3.2.4. IfcDateTimeResource

Schema
10 IfcDateTimeResource
14 |IfcDateTimeResource
17 IfcDateTimeResource
72 IfcDateTimeResource

3.2.5. IfcDocumentResource

Schema
21 |IfcDocumentResource
22 IfcDocumentResource

1 2 3 45 6 7 8 910
IfcClassification
IfcClassificationList
IfcClassificationNotation
IfcNotationFa

cet

1 2 3 4 5 6 7 8 910
IfcCost
IfcCostModifier

1 2 3 4 5 6 7 8 910
IfcCalendarDate
IfcCoordinatedUniversalTimeOffset
IfcDateAndTime

IfcLocalTime

1 2 3 4 5 6 7 8 910
IfcDocumentReference
IfcDocumentType
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3.2.6. IfcGeometryResource

Schema
4 IfcGeometryResource
5 IfcGeometryResource
6 IfcGeometryResource
7 IfcGeometryResource
8 IfcGeometryResource
24 IfcGeometryResource
25 IfcGeometryResource
26 IfcGeometryResource
27 [IfcGeometryResource
28 IfcGeometryResource
29 IfcGeometryResource
30 [IfcGeometryResource
31 IfcGeometryResource
32 IfcGeometryResource
33 IfcGeometryResource
34 IfcGeometryResource
35 IfcGeometryResource
36 IfcGeometryResource
37 [IfcGeometryResource
38 IfcGeometryResource
39 IfcGeometryResource
40 IfcGeometryResource
41 IfcGeometryResource
42 IfcGeometryResource
43 IfcGeometryResource
44 IfcGeometryResource
45 IfcGeometryResource
46 IfcGeometryResource
47 IfcGeometryResource
48 IfcGeometryResource
49 IfcGeometryResource
50 [IfcGeometryResource
51 IfcGeometryResource
52 IfcGeometryResource
53 IfcGeometryResource
54 IfcGeometryResource
55 [IfcGeometryResource
56 IfcGeometryResource
57 [IfcGeometryResource
58 IfcGeometryResource
59 IfcGeometryResource
60 IfcGeometryResource
61 IfcGeometryResource
62 IfcGeometryResource
63 IfcGeometryResource
64 IfcGeometryResource
65 IfcGeometryResource
66 IfcGeometryResource
67 [IfcGeometryResource
68 IfcGeometryResource
69 IfcGeometryResource

1 2 3 45 6 7 8 910
IfcAttDrivenProfileDef
IfcArbitraryProfileDef
IfcCircleProfileDef
IfcRectangleProfileDef
IfcTrapeziumProfileDef
IfcGeometricRepresentationltem
IfcBooleanResult
IfcBoundingBox
IfcCompositeCurveSegment
IfcCurve
IfcBoundedCurve
IfcCompositeCurve
Ifc2DCompositeCurve
IfcPolyline
IfcTrimmedCurve
IfcConic
IfcCircle
IfcEllipse
IfcLine
IfcDirection
IfcHalfSpaceSolid
IfcBoxedHalfSpace
IfcPlacement
IfcAxis1Placement
IfcAxis2Placement2D
IfcAxis2Placement3D
IfcPoint
IfcCartesianPoint
IfcPolyLoop
IfcSolidModel
IfcAttDrivenExtrudedSolid
IfcAttDrivenClippedExtrudedSolid
IfcAttDrivenRevolvedSolid
IfcAttDrivenClippedRevolvedSolid
IfcCsgSolid
IfcManifoldSolidBrep
IfcFacetedBrep
IfcFacetedBrepWithVoids
IfcSweptAreaSolid
IfcExtrudedAreaSolid
IfcAttDrivenExtrudedSegment
IfcAttDrivenMorphedExtrudedSegment
IfcAttDrivenTaperedExtrudedSegment
IfcRevolvedAreaSolid
IfcAttDrivenRevolvedSegment
IfcAttDrivenMorphedRevolvedSegment
IfcAttDrivenTaperedRevolvedSegment
IfcSurface
IfcCurveBoundedPlane
IfcElementarySurface
IfcPlane
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Schema
70 [IfcGeometryResource
279 IfcGeometryResource
280 IfcGeometryResource
281 IfcGeometryResource
282 IfcGeometryResource
283 IfcGeometryResource
284 IfcGeometryResource
285 IfcGeometryResource
286 IfcGeometryResource
287 IfcGeometryResource
288 IfcGeometryResource

3.2.7. IfcMaterialResource

Schema
73 IfcMaterialResource
74 IfcMaterialResource
75 IfcMaterialResource
76 IfcMaterialResource
77 IfcMaterialResource
78 IfcMaterialResource

3.2.8. IfcMeasureResource

Schema
18 IfcMeasureResource
19 IfcMeasureResource
20 IfcMeasureResource
79 IfcMeasureResource
80 IfcMeasureResource
81 IfcMeasureResource
82 IfcMeasureResource
83 IfcMeasureResource
290 IfcMeasureResource

3.2.9. IfcPropertyResource

Schema
23 |IfcPropertyResource
71 |IfcPropertyResource
92 |IfcPropertyResource
93 |IfcPropertyResource
94 |IfcPropertyResource
95 |IfcPropertyResource
96 |IfcPropertyResource
97 |IfcPropertyResource
98 |IfcPropertyResource

1 2 3 45 6 7 8 910
IfcVector
IfcTopologicalRepresentationltem
IfcConnectedFaceSet
IfcClosedShell
IfcEdge
IfcOrientedEdge
IfcFace
IfcFaceBound
IfcFaceOuterBound
IfcPath
IfcVertex

1 2 3 45 6 7 8 910
IfcMaterial

IfcMaterialFinish

IfcMaterialLayer
IfcMaterialLayerSet
IfcMaterialLayerSetUsage
IfcMaterialList

1 2 3 4 5 6 7 8 910
IfcDerivedUnit
IfcDerivedUnitElement
IfcDimensionalExponents
IfcMeasureWithUnit
IfcNamedUnit
IfcContextDependentUnit
IfcConversionBasedUnit
IfcSiUnit
IfcUnitAssignment

1 2 3 45 6 7 8 910

IfcEnumeration

IfcLibrary

IfcProperty
IfcEnumeratedProperty
IfcLibraryReference
IfcObjectReference
IfcPropertyList
IfcSimpleProperty
IfcSimplePropertyWithUnit

3.2.10. IfcRepresentationResource

Schema
89 |IfcRepresentationResource
90 IfcRepresentationResource
91 IfcRepresentationResource
99 |IfcRepresentationResource
100 IfcRepresentationResource

1 2 3 45 6 7 8 910

IfcProductRepresentation
IfcProductDefinitionShape
IfcProductDefinitionTopology

IfcRepresentation
IfcShapeRepresentation
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101 IfcRepresentationResource
102 IfcRepresentationResource
103 IfcRepresentationResource
276 IfcRepresentationResource

3.2.11. IfcUtilitiesResource

Schema
3 |IfcUtilityResource
9 |IfcUtilityResource
86 |IfcUtilityResource
277 IfcUtilityResource
278 IfcUtilityResource
289 IfcUtilityResource

3.3. Core Layer

3.3.1. IfcKernel Schema

Schema
104 IfcKernel
105 IfcKernel
111 IfcKernel
120 IfcKernel
121 IfcKernel
123 IfcKernel
151 IfcKernel
156 IfcKernel
159 IfcKernel
219 IfcKernel
220 IfcKernel
221 IfcKernel
228 IfcKernel
233 IfcKernel
234 IfcKernel
236 IfcKernel
237 IfcKernel
244 IfcKernel
245 [fcKernel
252 IfcKernel
253 IfcKernel
260 IfcKernel
261 IfcKernel
269 IfcKernel
271 IfcKernel

3.3.2. IfcControlExtension

Schema
123|IfcKernel
124 |fcControlExtension
129 [IfcControlExtension
130 IfcControlExtension
131 IfcControlExtension
132 |fcControlExtension

IfcTopologyRepresentation
IfcRepresentationContext

IfcGeometricRepresentationContext
IfcShapeAspect

1 2 3 45 6 7 8 910
IfcApplication

IfcAuditTrail

IfcOwnerHistory

IfcTable

IfcTableRow

IfcTransaction

1 2 3 45 6 7 8 910
IfcRoot
IfcModelingAid
IfcLocalPlacement
IfcObject
IfcActor
IfcControl
IfcGroup
IfcProcess
IfcProduct
IfcProject
IfcProxy
IfcResource
IfcPropertyDefinition
IfcPropertySet
IfcExtensionPropertySet
IfcRelationship
IfcRelActsUpon
IfcRelAssignsProperties
IfcRelAssignsTypedProperties
IfcRelContains
IfcRelControls
IfcRelGroups
IfcRelNests
IfcRelProcessOperatesOn
IfcRelSequence

1 2 3 4 5 6 7 8 910
IfcControl
IfcApproval
IfcConstraint
IfcMetric
IfcMetricBenchmark
IfcObjective
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138 IfcControlExtension
139 IfcControlExtension
228 |IfcKernel
231 IfcControlExtension
236 |IfcKernel
237 |IfcKernel
240 IfcControlExtension
253 IfcKernel
254 IfcControlExtension
255 [fcControlExtension
257 IfcControlExtension

IfcMaintenanceRecord
IfcMaintenanceType
IfcPropertyDefinition
IfcMetricValue
IfcRelationship
IfcRelActsUpon
IfcRelAggregatesConstraints
IfcRelControls
IfcRelAssignsApprovals
IfcRelControlsMaintenance
IfcRelRelatesConstraints

3.3.3. IfcModelingAidExtension

Schema
104 IfcKernel
105 |IfcKernel
106 IfcModelingAidExtension
107 IfcModelingAidExtension
108 IfcModelingAidExtension
109 IfcModelingAidExtension
110 IfcModelingAidExtension
111 |IfcKernel
112 IfcModelingAidExtension
113 IfcModelingAidExtension
114 IfcModelingAidExtension
115 IfcModelingAidExtension
116 IfcModelingAidExtension
117 IfcModelingAidExtension
118 IfcModelingAidExtension
119 IfcModelingAidExtension

3.3.4. IfcProcessExtension

Schema
104 IfcKernel
120 |IfcKernel
123 /IfcKernel
146 IfcProcessExtension
148 IfcProcessExtension
149 IfcProcessExtension
150 IfcProcessExtension
156 |IfcKernel
158 IfcProcessExtension
236 |IfcKernel
261 IfcKernel
266 IfcProcessExtension
267 IfcProcessExtension
268 IfcProcessExtension
273 IfcProcessExtension

1 2 3 45 6 7 8 910
IfcRoot
IfcModelingAid
IfcDesignGrid
IfcGridAxis
IfcGridintersection
IfcGridLevel
IfcLightSource
IfcLocalPlacement
IfcConstrainedPlacement
IfcPhotometricOutputSpace
IfcPlacementConstraint
IfcConstraintRellntersection
IfcReferenceGeometryAid
IfcReferenceCurve
IfcReferencePoint
IfcReferenceSurface

1 2 3 45 6 7 8 910
IfcRoot
IfcObject
IfcControl
IfcScheduleTimeControl
IfcWorkPlan
IfcWorkSchedule
IfcWorkScheduleElement
IfcProcess
IfcWorkTask
IfcRelationship
IfcRelNests
IfcRelNestsProcesses
IfcRelNestsWorkScheduleElements
IfcRelNestsWorkSchedules
IfcRelUsesResource
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3.3.5. IfcProductExtension

Schema
104 IfcKernel
120 |IfcKernel
123/IfcKernel
126 |IfcProductExtension
127 IfcProductExtension
128 IfcProductExtension
151 IfcKernel
154 IfcProductExtension
155 [fcProductExtension
159 |IfcKernel
160 IfcProductExtension
161 IfcProductExtension
163 IfcProductExtension
164 IfcProductExtension
212 IfcProductExtension
213 IfcProductExtension
214 IfcProductExtension
215 IfcProductExtension
218 IfcProductExtension
228 |IfcKernel
229 IfcProductExtension
230 IfcProductExtension
236 IfcKernel
242 IfcProductExtension
243 IfcProductExtension
248 IfcProductExtension
249 [fcProductExtension
259 IfcProductExtension
270 IfcProductExtension
272 IfcProductExtension
274 IfcProductExtension

3.3.6. IfcProject Management

Schema
104 |IfcKernel
120 IfcKernel
123 |IfcKernel
133 IfcProjectMgmtExtension
134 IfcProjectMgmtExtension
135 IfcProjectMgmtExtension
142 IfcProjectMgmtExtension
143 IfcProjectMgmtExtension
144 IfcProjectMgmtExtension
145 IfcProjectMgmtExtension
236 |IfcKernel
256 IfcProjectMgmtExtension
262 IfcProjectMgmtExtension
263 IfcProjectMgmtExtension

1 2 3 4 5 6 7 8 910
IfcRoot

IfcObject
IfcControl
IfcConnectionGeometry
IfcLineConnectionGeometry
IfcPointConnectionGeometry
IfcGroup
IfcSystem
IfcZone
IfcProduct
IfcBuilding
IfcBuildingStorey
IfcElement
IfcBuildingElement
IfcOpeningElement
IfcSite
IfcSpatialElement
IfcSpace
IfcSpaceBoundary
IfcPropertyDefinition
IfcElectricalCharacteristics
IfcManufacturelnformation
IfcRelationship
IfcRelAssemblesElements
IfcRelAssemblesSpaces
IfcRelConnectsElements
IfcRelConnectsPathElements
IfcRelFillsElement
IfcRelSeparatesSpaces
IfcRelServicesBuildings
IfcRelVoidsElement

1 2 3 4 5 6 7 8 910
IfcRoot

IfcObject
IfcControl
IfcCostElement
IfcCostSchedule
IfcBudget
IfcProjectOrder
IfcChangeOrder
IfcPurchaseOrder
IfcWorkOrder
IfcRelationship
IfcRelCostsObjects
IfcRelNestsCostElements
IfcRelNestsCostSchedules
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3.4. Interoperability Layer

3.4.1. IfcSharedBldgElements

Schema
104 IfcKernel
120 IfcKernel
159 |IfcKernel
163 IfcProductExtension
164 IfcProductExtension
165 IfcSharedBldgElements
166 IfcSharedBldgElements
170 IfcSharedBldgElements
171 IfcSharedBldgElements

172 IfcSharedBldgElements
191 IfcSharedBldgElements
192 IfcSharedBldgElements
193 IfcSharedBldgElements

197 IfcSharedBldgElements

201 IfcSharedBldgElements
202 IfcSharedBldgElements

208 IfcSharedBldgElements
209 IfcSharedBldgElements
210 IfcSharedBldgElements
211 IfcSharedBldgElements

236 |IfcKernel
247 IfcSharedBldgElements
248 [fcProductExtension

1 2 3 4 5 6 7 8 910
IfcRoot

IfcObject
IfcProduct
IfcElement
IfcBuildingElement
IfcBeam
IfcBuiltin
IfcColumn
IfcCovering
Ceiling
Flooring
Cladding
CoveringMillwork
UserDefined
NotDefined
IfcCurtainWall
IfcDoor
IfcDoorLining
IfcDoorPanel
Swinging
Sliding
Revolving
Rollingup
UserDefined
NotDefined
IfcPermeableCovering
Grill
Louver
Screen
UserDefined
NotDefined
IfcRoof
IfcSlab
Floor
Roof
UserDefined
NotDefined
IfcWall
IfcWindow
IfcWindowLining
IfcWindowPanel
FixedPanel
Sliding
Swinging
Pivoting
UserDefined
NotDefined
IfcRelationship
IfcRelAttachesToBoundaries
IfcRelConnectsElements
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250 IfcSharedBldgElements
258 IfcSharedBldgElements

IfcRelJoinsElements
IfcRelCoversBldgElements

3.4.2. IfcSharedBldgServiceElements

Schema
104 |IfcKernel
120 |IfcKernel
123|IfcKernel
136 IfcSharedBldgServiceElements

173 IfcSharedBldgServiceElements

174 IfcSharedBldgServiceElements
175 IfcSharedBldgServiceElements
179 IfcSharedBldgServiceElements
180 IfcSharedBldgServiceElements

181 IfcSharedBldgServiceElements
182 IfcSharedBldgServiceElements
186 IfcSharedBldgServiceElements

187 IfcSharedBldgServiceElements

1 2 3 4 5 6 7 8 910
IfcRoot

IfcObject
IfcControl
IfcDistributionPortGeometry
RoundDuctPort
RectangularDuctPort
OvalDuctPort
RoundPipePort
UserDefined
NotDefined
IfcDiscreteElement
Insulation
UserDefined
NotDefined
IfcDistributionElement
IfcDistributionControlElement
IfcDistributionFlowElement
IfcElectricalFixture
LightFixture
PowerQOutlet
RadiantHeater
UserDefined
NotDefined
IfcLightFixture
IfcFlowController
IfcFlowEquipment
AirFilter
AirHandler
Boiler
Chiller
Coil
Compressor
Convector
CoolingTower
Fan
HeatExchanger
Motor
PackagedACUnit
Pump
TubeBundle
UnitHeater
Elevator
Escalator
UserDefined
NotDefined
IfcFlowFitting
DuctFitting
PipeFitting
UserDefined
NotDefined
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188 IfcSharedBldgServiceElements

189 IfcSharedBldgServiceElements

190 IfcSharedBldgServiceElements

194 IfcSharedBldgServiceElements

195 IfcSharedBldgServiceElements

246 IfcSharedBldgServiceElements
251 IfcSharedBldgServiceElements

3.4.3. IfcSharedSpatialElements
1 2 3 45 6 7 8 910

Schema
104 |IfcKernel
120/IfcKernel
121|IfcKernel
122 IfcSharedSpatialElements

159 IfcKernel

214 |IfcProductExtension

215 |IfcProductExtension

216 IfcSharedSpatialElements
228 |IfcKernel

232 IfcSharedSpatialElements
235 IfcSharedSpatialElements

IfcOccupant

UserDefined
NotDefined

IfcSpatialElement

IfcFlowSegment

DuctSegment
PipeSegment
GutterSegment
UserDefined
NotDefined

IfcFlowTerminal

AirTerminal
RoofDrain
Scupper
UserDefined
NotDefined

IfcPlumbingFixture

Faucet

Sink

Toilet

Urinal
Shower
UserDefined
NotDefined

IfcElectricalAppliance
Computer

Facsimile

Telephone
UserDefined
NotDefined
IfcEquipment
WindowCleaning
UserDefined
NotDefined
IfcRelAttachesElements
IfcRelConnectsPorts

IfcFireCompartment
IfcPropertyDefinition
IfcOccupancyNumber
IfcSpaceUseCase
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236 |IfcKernel
237 |IfcKernel

238 IfcSharedSpatialElements

IfcRelationship

IfcRelActsUpon
IfcRelOccupiesSpaces

3.5. Domain/Applications Model Layer

3.5.1. IfcArchitecture

Schema
104 IfcKernel
120 |IfcKernel
123/IfcKernel
147 |IfcArchitectureDomain

151 IfcKernel

153 IfcArchitectureDomain
159 IfcKernel

163 |IfcProductExtension
164 |IfcProductExtension
167 IfcArchitectureDomain

168 IfcArchitectureDomain

169 IfcArchitectureDomain

198 |fcArchitectureDomain

199 IfcArchitectureDomain

1 2 3 45 6 7 8 910

IfcObject

IfcControl
IfcSpaceProgram
CirculationSpaceProgram
OccupiedSpaceProgram

OccupiedSpaceProgramStandard

TechnicalSpaceProgram
UserDefined
NotDefined
IfcGroup
IfcSpaceProgramGroup
IfcProduct
IfcElement
IfcBuildingElement
IfcBuiltinAccessory

DoorOrWindowHardware

PublicRestroom
Unspecified
UserDefined
NotDefined
IfcCabinet
Office
Restroom
Storage
Unspecified
UserDefined
NotDefined
IfcCounterOrShelf
CounterTop
Shelf
UserDefined
NotDefined
IfcRailing
Handrail
Guardrail
Balustrade
UserDefined
NotDefined
IfcRamp
Elemented
Layered
Solid
UserDefined
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200 [fcArchitectureDomain
203 [fcArchitectureDomain
204 [fcArchitectureDomain

205 [fcArchitectureDomain
207 IfcArchitectureDomain

236 |IfcKernel
239 [fcArchitectureDomain

NotDefined

IfcRampFlight
IfcLanding

IfcStair
FireStair
OrnamentalStair
StandardAccessStair
UserDefined
NotDefined

IfcStairFlight

IfcVisualScreen
VisualScreenAssembly
VisualScreenDoorOrGate
VisualScreenPost
VisualScreenPanel
VisualScreenRestroomPartition
VisualScreenRestroomPartitionDoor
UserDefined
NotDefined

IfcRelationship
IfcRelAdjacencyReq

3.5.2. IfcConstructionMgmtDomain

Schema
104 IfcKernel
120|IfcKernel
123 IfcKernel
125 IfcConstructionMgmtDomain
159 IfcKernel
162 IfcConstructionMgmtDomain
221 |IfcKernel
222 IfcConstructionMgmtDomain
223 IfcConstructionMgmtDomain
224 IfcConstructionMgmtDomain
225 IfcConstructionMgmtDomain
226 IfcConstructionMgmtDomain
227 IfcConstructionMgmtDomain
236 |IfcKernel
241 IfcConstructionMgmtDomain

3.5.3. IfcFacilitiesMgmt

Schema
104 IfcKernel
120|IfcKernel
123 |IfcKernel
137 IfcFacilitiesMgmtDomain
140 IfcFacilitiesMgmtDomain
141 IfcFacilitiesMgmtDomain
151 |IfcKernel
152 IfcFacilitiesMgmtDomain

1 2 3 45 6 7 8 910
IfcRoot
IfcObject
IfcControl
IfcCMDocPackage
IfcProduct
IfcConstructionZoneAggregationProduct
IfcResource
IfcConstructionEquipmentResource
IfcConstructionMaterialResource
IfcCrewResource
IfcLaborResource
IfcProductResource
IfcSubcontractResource
IfcRelationship
IfcRelAggregatesCrewResources

1 2 3 45 6 7 8 910
IfcRoot
IfcObject
IfcControl
IfcFurnitureModel
IfcOccupancySchedule
IfcOccupancyScheduleElement
IfcGroup
Ifcinventory
Assetinventory
Spacelnventory
UserDefined
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156 |IfcKernel

157 IfcFacilitiesMgmtDomain
159 |IfcKernel

163 |IfcProductExtension

164 |IfcProductExtension

196 IfcFacilitiesMgmtDomain

206 IfcFacilitiesMgmtDomain

214 IfcProductExtension
215|IfcProductExtension

217 IfcFacilitiesMgmtDomain
236 |IfcKernel

261 IfcKernel

264 IfcFacilitiesMgmtDomain
265 IfcFacilitiesMgmtDomain
275 IfcFacilitiesMgmtDomain

3.5.4. IfcHvacDomain

Schema
104 |IfcKernel
120/IfcKernel
159 |IfcKernel
163 |IfcProductExtension
164 |IfcProductExtension
174|lfcSharedBldgServiceElements
175|IfcSharedBldgServiceElements
176 IfcHvacDomain

177 IfcHvacDomain

178 IfcHvacDomain

179 IfcSharedBldgServiceElements

NotDefined
IfcProcess
IfcOccupancyTask
IfcProduct
IfcElement
IfcBuildingElement
IfcFurniture
Table
Chair
Desk
FileCabinet
UserDefined
NotDefined
IfcSystemFurnitureElement
Panel
Worksurface
Storage
UserDefined
NotDefined
IfcSpatialElement
IfcSpace
IfcWorkstation
IfcRelationship
IfcRelNests
IfcRelNestsOccupancyScheduleElements
IfcRelNestsOccupancySchedules
IfcRelWorklnteraction

1 2 3 4 5 6 7 8 910
IfcRoot
IfcObject
IfcProduct
IfcElement
IfcBuildingElement
IfcDistributionElement
IfcDistributionControlElement
IfcActuator
ElectricActuator
PneumaticActuator
HydraulicActuator
HandOperatedActuator
UserDefined
NotDefined
IfcController
HvacController
UserDefined
NotDefined
IfcSensor
HvacSensor
UserDefined
NotDefined
IfcDistributionFlowElement
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182 IfcSharedBldgServiceElements
183 IfcHvacDomain
184 IfcHvacDomain

185 [IfcHvacDomain

IfcFlowController
IfcAirTerminalBox
IfcDamper

FireDamper
SmokeDamper
FireSmokeDamper
BackdraftDamper
ControlDamper
Louver
UserDefined
NotDefined

IfcValve
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4. Key Object Model Concepts

4.1. Specialized Views of the IFC Model

IFC can be supported through several different implementation and product alternatives. Over the next
several years, we anticipate product implementations will provide the following 'categories' of functionality -- in
the the order shown -- from least to most interoperable.

- Read/write of IFC model files < Data Exchange
- Database oriented IFC model file server < Runtime interface calls (data only)
- Runtime interoperable application objects < Runtime interface calls (data or services)

In order to facilitate development of these different types of products and to reduce the chance for different
interpretations by different vendors, we have included specialized, 'industry standard' views of the IFC model.
Currently these 'standard views' include:

- Data Model for Data Exchange = € EXPRESS (ISO standard)
- Standard interface definitions < IDL (OMG standard)

4.1.1. Data Model view in EXPRESS

EXPRESS is the ISO standard for the definition of software 'Data Models'. It is defined by ISO 10303 Part 11,
"Description Methods: The EXPRESS language reference manual".

The Data Model view of the IFC object model is presented in volume 3 of these specifications - "IFC Object
Model Reference".

There are serveral commercially available toolsets for compiling or interpreting EXPRESS data model
definitions. Many of these implement the EXPRESS language mappings to C++, IDL, Java and the Standard
Data Access Interfaces (SDAI) -- all defined in parts of ISO 10303. Others of these toolsets enable software
developers to read and write ASCII files structured according to the EXPRESS schema -- using the physical
file structure defined in ISO 10303 part 21.

4.1.2. Software Interfaces view in OMG IDL

The Interface Definition Language (IDL) is a standard for defining software interfaces - defined by the Object
Management Group (OMG). It is most closely related to OMG's Common Object Request Broker
Architecture (CORBA), and is one of the most commonly used interface definition languages in the software
industry.

Within the context of IFC, we use IDL to define the standard software interfaces to be supported by IFC
objects at runtime. Software vendors seeking product certification at the interface level, must successfully
complete testing of these standard software interfaces.

The Software Interfaces view of the IFC object model is presented in volume 3 of these specifications - "IFC
Object Model Reference".

There are several commercially available toolsets for compiling IDL interface definitions. Most of these
implement the IDL language mappings to C, C++ and Smalltalk -- which helps to automate the translation
from software product design (using IDL) to implementation (using one of the compiled languages listed).
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4.2. Multi-Functional Elements and Systems

Many attempts to model AEC projects in the past have been significantly limited because they chose to
categorize elements according to a primary functional role or as part of a system. This has not worked well
for AEC projects because so many elements act in multiple roles and/or in multiple systems. In the IFC
object model, we have attempted to avoid this by defining model elements, functional roles, and systems
separately so that an element can assume multiple roles and/or be a member of multiple systems.

Project elements are defined as specializations of IfcElement.

As this release of IFC is limited to project information sharing only (not functional behavior), functional roles
are defined as collections of attributes and relationships associated with this role that will be exposed through
a software interface corresponding to that role.

Project systems are defined as specializations of IfcSystem. For this release of IFC, this specialization will be
done solely through a system TypeDefinition.

See IfcElement subtypes, IfcElement.PerformedFuntions:Set [0:?] IfcElementFunctionTypeEnum and
IfcSystem.

4.3. Capturing Design Intent and Design Constraints

One of the most powerful features of the IFC model design is the inclusion of entities that will allow
applications to capture design intent and design constraints. The this release, we have only included a small
subset of what will be possible in future releases. Nevertheless, some powerful applications functionality will
be enabled, even with models defined using this release of IFC.

Some of the design intent and design constraint concepts supported in this IFC release are discussed next.

4.3.1. Specified Design Program

One of the most important information sets in any AEC/FM project is the client specified design program.
Architects have developed elaborate systems for capturing this programmatic information, but to date, there
are almost no applications which link these client specified design programs to design tools. We have
included a small set of entities that will allow some of this design program information to be captured and
related to elements in the project design. This will enable applications to aid designers in satisfying design
program requirements and also in demonstrating the degree to which program criterion are satisfied.

Specifically, with this release, detailed requirements for Spaces are included as well as space adjacency
requirements. This information is related directly to the spaces in the design model, thus enabling
applications and/or users to verify that the client specified design program has been satisfied.

See IfcProgramGroup, IfcSpaceProgram and IfcRelSpaceAdjacency.

4.3.2. Design Modeling Aids

Another important set of design constraints which AEC professionals are currently forced to coordinate
manually is design grids. Virtually all projects are designed using one or more design grids (for structure,
design, planning, facilities, etc.). This release of IFC includes a set of design grid elements and alignment
entities which will allow the designer to encode their intent to align building elements with design grid
elements or with other building elements.

Future releases should allow much more flexible use of design Aids or constraints including more complex
geometric relationships, alignment with offsets, budgetary constraints and code constraints.

See IfcDesignGrid, IfcGridLevel, IfcGridAxis, IfcGridintersection, IfcReferencePoint, IfcReferenctCurve,
IfcReferenceSurface and IfcConstrainedPlacement.
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4.3.3. Connections between Model Elements

Another design intent that can be captured and communicated via the IFC model is connectivity. Current
design tools do not allow such relationships and when a design change is made, the AEC user is forced to
manually update the impact on elements that 'should' remain connected. With IFC models, it will be possible
to capture the designer's intent to connect two or more elements. Within applications supporting this part of
IFC, when a design change involves moving one of the connected elements, the application will correctly
move or stretch the connected elements.

This release of IFC only supports point connections (the only subtype of IfcConnectionGeometry). However,
future releases will add connections at edges and surfaces.

See IfcRelConnectsElements, IfcRelConnectsPathElements and IfcPointConnection

4.4. Relationships between Objects

4.4.1. Relationships used in this Release

This inclusion of relationships between object in an IFC model is one of the most important improvements
over previous AEC software information sets. By standardizing the representation and thus the
understanding of key semantic relationships between objects in IFC models, software applications will be
able to deliver much more intelligent behavior in these objects.

However, the range of relationship types included in this release is limited. In general, we have included
relationships that fall into five categories:

- Containment (both physical and conceptual) -- discussed below

- Grouping -- discussed below

- Connectivity -- discussed above in "Key Concepts"

- Constraint -- discussed above in "Key Concepts"”

- Resource -- discussed above in "Key Concepts"

- General (where some special semantic meaning is defined) -- instance unique and not discussed

In many cases, relationships have been 'generalized’ using objectified relationships -- discussed below.

4.4.2. Objectified Relationships

While more 'expensive' to implement and in terms of software performance, Objectified relationships provide
several advantages over relationships declared within a specific class.

There were three driving motivations for using objectified relationsips:
1. Generalization - generalization of relationships helps to simplify the model

2. Many to Many relationship resolution - In a number of cases in the model, we have situations where
the relationships are many to many between two classes. Obijectified relationships allow us to
normalize these to a pair of many to one relationships.

3. Relationship objects that require behavior - In other cases, we are anticipated future requirements
for the IFC project model and supporting applications. The nature of some relationships will require
intelligent behavior in applications. An implementer will need to create a separate class for such a
relationships in order to encapsulate this behavior. This will simplify implementation of the objects
which use this relationship. As applications will be forced to objectify such relationships, we have
objectified them in the object model in an effort to enable a close mapping between the shared project
model and the object model used by supporting applications.

4.4.3. Containment

Throughout the model, you will see a standardized use of the relationships "HasXxx" and "PartOfXxx".
These standard relationship names have been used to represent two types of Containment:
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- Primary IFC model element hierarchy
- Membership in a group or system.

Primary IFC Model element hierarchy

It is important to include a primary structuring of elements in a CAD model. The IFC model structure is
aligned with the most common organization of AEC project information:

Project >Sites >Buildings > Storeys
> > > > Spaces
> > > > Elements

That is to say; Projects contain Sites; Sites contain buildings; Buildings can contain Storeys. Additionally,
Sites, Buildings and Storeys may each contain Spaces or other building elements, either directly or through
another contained element.

Once again, this will enable applications to provide much more intelligent behavior. When a door or window
is removed, the opening may be healed; when a room is deleted, the user may be prompted about what to do
with the contained elements (assign them to another room or delete them as well).

4.4.4. Object Grouping

There are several examples of grouping elements in the model. One of the most obvious is through
membership to a system object. The system object maintains a list of all the elements which are 'PartOf* that
system. Possible uses for such groupings in software applications are endless.

For example, all members of a SpaceSeparation system associated with a suite of rooms could be selected
for addition of sound or fire resistance attributes; all elements in an air duct distribution system could be
selected for reconfiguration to rectangular versus circular shape.

This release of IFC only begins to allow such associations to be captured in the model. It does not yet
include any standardized behavior that might be related to such associations.

4.5. IFC Model Extension

As the IFC Project Model must be used by a large number of applications to be successful, it is important that
application developers not feel encumbered by it. In fact, it is a primary goal of the IAl that developers view
the IFC Project Model as a platform which empowers them through access to a very large constituency of
end users and compatible applications. Opportunities for strategic alliances, cooperative development and
joint marketing with other developers should be significantly enhanced.

Therefore, we have included some concepts in the design of the IFC object Model that will enable software
vendor extensions beyond the standard definitions provided by the IAl. Vendors who collaborate would be
able to pass this extended information between their applications, using the standard IFC infrastructure.

Over time, such extensions should be submitted for adoption by the 1Al in subsequent releases of IFC. In this
way, IFC may be extended through the work of many organizations beyond the IAl.
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4.5.1. Extension by Developers

In this IFC release, the primary mechanisms for extension are:
- User defined types

-> allow the vendor to define specific object types (from the point of view of their application) which
will then allow them to associate datasets which are shared by one or many instances of the type.
This extension data is preserved through data exchange with other certified IFC applications.

- PropertySets

-> allow the vendor to define virtually any collection of data needed by their application. This data
can be related to individual objects or to to groups of a particular User Defined Type (see above).
This custom defined data will be preserved through round-trip data exchanges with other IFC
applications.

Applications seeking to use these extension mechanisms must simply implement the associated IFC model
entities -- either in a data exchange or software interfaces implementation. Methods for documenting such
extensions are provided in these specifications.

4.5.2. Extension by End Users

The software vendor accessible extension mechanism described above could also be exposed to the end
user. The vendor would need to develop a generalized interface such that the End User can specify
PropertySets.

The application would also need to provide methods for the user to store and retrieve these PropertySet
definitions and to associate them with individual object instances or gropus of objects.
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5. Guide to the Resource Layer

5.1. IfcActorResource

The IfcActorResource schema within the IFC Model enables information concerning a person or organization
that will undertake work on, hold responsibility for or otherwise be associated with an object or several objects
acting together to be assigned. It is developed as a separate schema containing identified actor-related
classes because it is a general idea that can be applied to many other classes.

The classes and attributes within the IfcActorResource schema support the identification of actors sufficiently
for the purposes of a project model. The information content of the schema is not sufficient for the exchange
of detailed information about human resources.

5.1.1. IfcActorSelect

Allows the selection of the form of actor that will be used. There are three possible selections that can be
made:

- Person
- Organization
- Person and organization where there is a need for both to be identified.

IfcActorSelect

IfcPerson IfcPersonAndOrganization IfcOrganization

Only one of these classes may be selected and it is the selection that is instantiated in a data exchange file
and not the SELECT class itself.

5.1.2. IfcPerson

There are many situations where there is a need to identify a particular person as the relevant actor. The IFC
model provides sufficient capability to do this.

NOTE: Many countries have legislation concerning the identification of individual persons within databases.
Although the intent of the IFC Object Model is to enable a means for data exchange and sharing, it
does have the capability to provide the specification for a database that might be subject to such
legislation if individual persons can be identified. Users should ensure that they are operating within
the constraints of such legislation in cases where information to be exchanged does identify persons.

FamilyName

Roles L[0:7] STRING I
IfcActorRole _

GivenName STRING I

MiddleNames
IfcPerson STRING I
PrefixTitles STRING I

fcAdd Addresses L[0:?] o

cAddress (INV) OfPerson S[0:7] SuffixTitles STRNG | |

5.1.2.1. FamilyName

Gives the family name of the person concerned.
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Care needs to be taken when assigning the family name depending on the normal usage within a particular
region. For instance, it is normal in many parts of Europe and USA for the family name to be stated as the
last name whilst in countries that follow Chinese usage, it is normally given first. In countries that follow
Spanish usage, a family name is normally a multiple name that combines the first part of the father’s family
name with the first part of the mother’s family name.

FamilyName is an optional attribute; that is, it does not have to be asserted. However, if an instance of
IfcPerson does exist, a rule is applied that either the family name or the given name must exist. It is more
normal that the family name is specified.

5.1.2.2. GivenName

This is the familiar name by which a person is known. It is determined using the reverse of the family name.
That is, it is the first name in European and USA usage and the last part of the name in Chinese usage.

GivenName is an optional attribute; that is, it does not have to be asserted. However, see the rule that is
applied in FamilyName above.

5.1.2.3. MiddleNames

These are additional given names that are not normally used

in familiar communication but that may be asserted to provide Let me introduce myself.
additional identification of a specific person. They may be My given name is John.
particularly useful in situations where the person concerned My middle names are Pierre Olaf Karl
has a name that occurs commonly within a region. My family name is Martinez Caramba

It is possible that a person may have more than one middle
name. However, the value of middle names that is assigned
is a simple string. Therefore, middle names are collected
together into a single value. This means that it is not possible
to use a second or subsequent middle name for any complex
sorting purpose. It is also a limitation on the use of the
IfcActorResource schema for the transfer of information
concerning human resources.

MiddleNames is an optional attribute; that is, it does not have
to be asserted.

5.1.2.4. PrefixTitles

Sets out the form of address for the person concerned.

Although there may be many titles used as a prefix to a name,

they are collected together into a single string. But you should give me my titles.

Prefix with Don Prof. Dr. Ing.
PrefixTitles is an optional attribute; that is, it does not have to Suffix with PhD. MSc. BA. PDQ. RV.
be asserted. Well, OK, it's not mandatory.

5.1.2.5. SuffixTitles

Sets out the awards and honors of the person concerned.
Although there may be many awards used as a suffix to a
name, they are collected together into a single string.

SuffixTitles is an optional attribute; that is, it does not have to
be asserted.

5.1.2.6. Addresses

Provides a reference to the address at which a person may be
located. A person may have more than one address and so a

list may be defined. Alternatively, it is possible to leave out the
address (although the list of addresses still has to be provided
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as an empty list).
An inverse relation also enables identification of the persons located at that address.

Addresses is a list that can contain zero, one or many references to IfcAddress instances; that is, it must be
asserted even if there are no IfcAddress instances.

5.1.2.7. Roles

Defines the roles that may be played by a person. It is

possible that a person within a project may play several roles | am a man of many roles.

at the same time. Therefore the relationship is described as a For each role, a different hat.

list. The minimum number of roles that may be played is zero.

It is possible that several objects requiring the assignment of
actor might reference the same instance of an IfcPersonclass
having a particular set of roles. It is also possible to define
several instances of an IfcPerson class in which each
instance references the same person but in which the role(s)
may be varied.

Roles is a list that can contain zero, one or many references
to IfcActorRole instances; that is, it must be asserted even if
there are no IfcActorRole instances.

5.1.3. IfcOrganization

There are many situations where there is a need to identify an organization as the relevant actor. The IFC
model provides sufficient capability to do this.

Roles L[0:?]

IfcActorRole

IfcOrganization

Add L[0:? .
lfcAddress fesseslfo?l | Deserion [ gremG | |
(INV) OfOrganization S[0:?]

5.1.3.1. Name
This is the name by which an organization is known.

Name is a mandatory attribute; that is, it must be asserted.

5.1.3.2. Addresses

Provides a reference to the address at which an organization may be located. An organization may have
more than one address and so a list may be defined. Alternatively, it is possible to leave out the address
(although the list of addresses still has to be provided as an empty list)

Addresses is a list that can contain zero, one or many references to IfcAddress instances; that is, it must be
asserted even if there are no IfcAddress instances.

5.1.3.3. Roles

Defines the roles that may be played by an organization. It is possible that an organization within a project
may play several roles at the same time. Therefore the relationship is described as a list. The minimum
number of roles that may be played is zero.
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It is possible that several objects requiring the
assignment of actor might reference the same
instance of an IfcOrganization class having a
particular set of roles. It is also possible to define
several instances of an IfcOrganization class in
which each instance references the same person
but in which the role(s) may be varied.

Roles is a list that can contain zero, one or many
references to IfcActorRole instances; that is, it must
be asserted even if there are no IfcActorRole
instances.

5.1.3.4. Description

Provides a description of the organization. This
description may be as short or as detailed as
necessary.

Description is an optional attribute; that is, it does
not have to be asserted.

5.1.4. IfcPersonAndOrganization

Allows both person and organization to be assigned.

My employer is MegaBuild 2000.

They are Architects, Engineers and Sushi
Bar operators.

ThePerson

IfcPerson p———————— IfcPersonAndOrganization

TheOrganization

Roles L[0:?7]

IfcActorRole

5.1.4.1. ThePerson

References an instance of the IfcPerson class (see above)

5.1.4.2. The Organization

References an instance of the IfcOrganization class (see above)

5.1.4.3. Roles

IfcOrganization

Defines the roles that may be played by a person and organization combination. It is possible that a person

and organization combination within a project may play several roles at the same time. Therefore the

relationship is described as a list. The minimum number of roles that may be played is zero.

It is possible that several objects requiring the assignment of actor might reference the same instance of an
IfcPersonAndOrganization class having a particular set of roles. It is also possible to define several instances
of an IfcPersonAndQOrganization class in which each instance references the same person and the same

organization but in which the role(s) may be varied.

Roles is a list that can contain zero, one or many references to IfcActorRole instances; that is, it must be

asserted even if there are no IfcActorRole instances.
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5.1.5. IfcActorRole

Defines a role that may be played by an actor within a project

Description Name
STRING I P IfcActorRole | ———

5.1.5.1. Name

Provides an enumerated list of the roles that are currently defined within the IFC Model and that may be
assigned to an actor. The currently defined list includes the following roles:

Supplier Manufacturer Contractor SubContractor
Architect StructuralEngineer ServicesEngineer CostEngineer
Client BuildingOwner BuildingOperator UserDefined
NotDefined);

Only one name may be asserted for an instance of the IfcActorRole class.

Name is a mandatory attribute; that is, it must be asserted.

5.1.5.2. Description
Provides a description of the asserted role. This description may be as short or as detailed as necessary.

Description is an optional attribute; that is, it does not have to be asserted.

5.1.6. IfcAddress

Identifies the location and means of communication with a place. Note that although the attributes of the
IfcAddress class are either optional or can be asserted as empty lists, whenever an instance of IfcAddress is
required, a rule exists that at least one of the attributes MUST be asserted.

imi -9 InternalLocation
STRING I’ FacsimileNumbers L[0:?] | STRING

2 AddressLines L[0:?
STRING I TelephoneNumbers L[0:?] ressLines L[0:?] STRING

icMai 7 Town
STRING I ElectronicMailAddresses L[0:7] STRING
IfcAddress )
WWWHomePage
STRING | | g Region STRING
ipti PostalCod
STRING I. ,,,,,,,,,,,,,,,,,,,,,,, Descripton | ostalCode STRING
Counti
ounty STRING

5.1.6.1. InternalLocation

Provides a location at which a person or organization may be located in the context of their place of work. For
instance, a person may be located in the Contracts Department or in Room B/256 whilst an organization may
be located at Site 3B where 3B is an internal code that specifies a particular place without reference to the
address.

InternalLocation is an optional attribute; that is, it does not have to be asserted.
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5.1.6.2. AddressLines
Contains all of the elements of an address that would enable its identification within a town or city.

AddressLines is a list that can contain zero, one or many lines; that is, it must be asserted even if no address
lines are to be assigned.

5.1.6.3. Town

Although this attribute is given the name ‘town’, it is
used to identify the major geographical entity. It may
be used to identify a hamlet, village, town, city or
metropolitan area (unless metropolitan area is
normally identified as a region).

For instance, the value of town might be assigned as
Upper Bucklebury (which is the name of a village in

England). Alternatively, it might be assigned as New
York. It's at 2862 High Street, New Oldville,

Town is an optional attribute; that is, it does not have Upper Cuidado, Zarkovia 28146.
to be asserted.

My office is in the Orange Building, Room 14/62.

5.1.6.4. Region

Identifies the name of the county, state, d¥% partement
or other administrative designation

Region is an optional attribute; that is, it does not
have to be asserted.

5.1.6.5. PostalCode

Gives the postal or zip code used by the local malil
service for the delivery of letters and parcels.

PostalCode is an optional attribute; that is, it does not have to be asserted.

5.1.6.6. Country

Country is an optional attribute; that is, it does not have to be asserted.

5.1.6.7. FacsimileNumbers
You can reach me by phone,

Identifies the fax humbers used by a person or fax or email in my car
organization. A person organization may have more than
one fax number and so a list may be defined. l/

FacsimileNumbers is a list that can contain zero, one or
many values; that is, it must be asserted even if there
are no numbers identified.
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5.1.6.8. TelephoneNumbers

Identifies the telephone numbers used by a person or _—
organization. A person organization may he_lve more than one 1 Or on my boat.
telephone n